Background: The aim of this study was to examine the correlation of the clinical examination, MRI and arthroscopic findings in cruciate ligaments and meniscal injuries of knee and to evaluate the accuracy of clinical examination and MRI with the gold standard arthroscopy.
Background
Knee joint is the primary weight bearing joint and one of the most commonly injured joints owing to its anatomical structure, exposures to external forces and functional demands placed on it (1) . Knee injuries are on a rise due to increased involvement in sports, motor accidents, and workplace injuries, which represent roughly 6% of acute injuries, treated at emergency department and 27% -48% of these; are sports related (2) . A knee injury affects the stability of knee and thus impairs a person to carry out routine daily activities. Therefore, early comprehensive diagnosis and management of these intra-articular injuries holds a pivotal role in patient's functional recovery and work performance.
Previously, orthopedic surgeons relied on clinical examination, till the advent of arthroscopy where, numerous reports on its role in diagnosis and treatment of various knee disorders were reported (3), which today has established itself as a gold "reference" standard in intraarticular pathologies of the knee joint (3) . Magnetic resonance imaging (MRI) shares the advantage of being a noninvasive, highly sensitive investigation for the intraarticular structures of knee but it is a costly investigation with very high inter-observer variations and minimal therapeutic potential.
In recent days, it is often seen that due to heavy working hours and overdependence on higher investigations patients with knee injuries are prescribed MRI scans without proper clinical examination. Being a highly sensitive modality, MRI suggests pathology even in asymptomatic or clinically normal patients, making it nonreliable for establishing the diagnosis alone. Also, the cost and need for instrumentation makes MRI a difficult investigation to be performed in all instances, especially in a country like ours.
Although, previous studies have compared the correlation of MRI and arthroscopy but to our knowledge, not many prospective diagnostic studies have compared the three modalities vis-avis clinical examination, MRI and arthroscopy in diagnosis of meniscal and cruciate ligament injuries.
arthroscopy in diagnosing cruciate ligaments and meniscal injuries and to evaluate the diagnostic accuracy of the two modalities with the gold standard arthroscopy.
Methods
This was a prospective diagnostic study on knee injuries to compare clinical examination, MRI and arthroscopy. Once the present research project was approved by the ethical committee of our institution, 104 consecutive patients with a history of trauma to the knee and with complaints of knee pain or locking or instability in our outdoor/casualties were included from August 2012 to June 2014. The participants declared their consent to participate in the study.
This was a prospective diagnostic study initiated after institutional ethical committee clearance (HMCH/IEC 672; 30). We compared patients with knee injuries and derangement of intra-articular soft tissue structures like menisci and cruciate ligaments by using three diagnostic modalities (clinically, arthroscopically and on MRI investigation) to correlate the efficacy of these modalities.
Inclusion criteria were as follows: male/female patients, age 18-50 years, American Society of Anesthiologists grade I and II, and recent or old trauma to the knee with a history of knee pain/locking/ instability. Also, patients with contraindications to MRI, contraindications to arthroscopy superficial skin infection, tuberculosis knee, septic arthritis or neoplasms and those with a history of previous ligament reconstruction or arthroscopic knee procedures, joint inflammatory disease or neoplasm, and also patients who refused surgery or consent were excluded from the study.
Methodology
All the 104 patients were subjected to clinical examination, MR imaging and diagnostic arthroscopy. Patients with an old injury were subjected to the 3 investigations within 24 hours of presentation. Patients with a recent knee injury were managed initially with conservative measures such as rest, ice pack application, compression and elevation and were subjected to the 3 investigations at the end of three weeks. Clinical examination and diagnostic arthroscopy were performed by different orthopedic surgeons and MRI was performed by an experienced radiologist. All the clinicians were blinded of each other's findings. The results were penned down and sealed in an envelope by each examiner. Results of all the three investigations were tabulated at the end of the investigations. After all the investigations were completed, the data for medial collateral ligament, lateral collateral ligament and posterolateral corner injuries were excluded and the results were tabulated only for anterior cruciate ligament (ACL), posterior cruciate ligament (PCL), medial meniscus and lateral meniscus.
Clinical Examination
Clinical examination was carried out by the same orthopedic surgeon, which included the presence of effusion, range of motion, joint line tenderness, varus and valgus stress tests, three (Sagittal plane-antero/posterior, frontal plane-abduction/adduction and coronal plane-internal/external rotation) stability tests of the knee. Standard clinical tests were used for diagnosing pathologies. For meniscal injuries, McMurray's and Apley's tests were used. Tests used for ACL injuries were anterior drawer test, Lachmann's test and Pivot shift test; for PCL injuries posterior drawer test, posterior tibial sag sign and quadriceps active test. For rotatory instabilities, the Slocum's test and Dial test were used.
MRI Evaluation
MRI was performed for all the patients to correlate the clinical diagnosis and for obtaining additional information. MR imaging was performed on a 1.5 Tesla MR scanner with a phased-array knee coil. All the patients had T1and T2 weighted and proton dense sequences on coronal and sagittal plane images, without contrast. Magnetic resonance pulse sequences include fast spin echo (FSE) and fast recovery. The MRI protocol consists of fat-suppressed PD (TE 45, TR 2800) in axial, sagittal, and coronal planes, T2W (TE 80, TR 4000) in sagittal plane and T1W (TE 11, TR 495) in sagittal plane. The slice thickness was 4 mm. All MRIs were reported by the same radiologist at our institute who was blind of clinical diagnosis and was provided with only patient's identifying data. Complete as well as partial tears of anterior and posterior cruciate ligaments were interpreted as ruptures. Meniscal tears were graded from I to III. MRI findings were recorded as per the modified preform in relation to our subject of the study.
Arthroscopy Evaluation
Arthroscopic procedures were performed under spinal anesthesia. The operating surgeon was blinded about the clinical and MRI findings. Standard arthroscopy portals were used in all cases and if required other portals were made. Following diagnostic arthroscopy, therapeutic procedure was carried out in the same sitting if required.
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Statistical Analysis
Clinical examination, MRI and arthroscopic findings were tabulated on Microsoft excel spreadsheet and studied for correlation. The sensitivity, specificity, positive predictive value, negative predictive value and accuracy were then calculated and expressed as percentage. The t-test was used for comparison. P value for accuracy of clinical examination and MRI was then calculated.
Results
In the present study population, patients were from 18 to 50 years with a mean age of 30.21 ± 9.12 years; 50 patients (48.1%) in the age group 21 -30 years, 22 (21.1%) in 31 -40 years, 16 in 11 -20 years and 16 cases in the 41 -50 year age group. The number of male and female patients and the side of knee involved are shown in Table 1 . The most common mode of injury was sport-related injuries in (50%), followed by road traffic accidents in 30.8% and self-fall in 19.2% of the patients. Among the intra-articular structures, ACL was the most common and PCL was the least to be involved. Arthroscopy in the 104 patients confirmed 76 ACL tears, 34 medial meniscus tears, 30 lateral meniscus tears and 10 PCL tears. The medial meniscus injury (34 cases) was more common than the lateral meniscus injury (30 cases). Figure 1 shows the pattern of tears in medial meniscus. The most common site of tear was body and posterior horn. The most common site of tear for lateral meniscus was the posterior horn, for pattern of tears in lateral meniscus (Figure 2) . Comparison of clinical examination with arthroscopy and MRI with arthroscopy, in terms of the total number of true-positive, false-positive, true-negative and false-negative cases for ACL, PCL, medial meniscus and lateral meniscus tears are represented in Tables 2 and 3, respectively. On arthroscopy, out of 76 ACL tears, in clinical examination, 4 were missed initially, out of which 2 were chronic ACL tears and 2 were partial tears of ACL and 8 cases were false-positive. In MRI, 4 cases were missed with 6 falsepositive cases. Out of 10 PCL tears, 100% were diagnosed on clinical examination, confirmed on arthroscopy but on MRI 2 cases were missed. Out of the 34 medial meniscus tears, 8 were missed on clinical examination, 3 of which were grade-1 tears (increased intra-substance signal), which were not diagnosed clinically or arthroscopically with 22 false-positive cases. In MRI, 4 cases were missed with 26 false-positive cases. Two cases were of combined injury with locked knee in which clinical examination could not be done and an ACL tear with bucket handle tear of medial meniscus was found on MRI and arthroscopy. In 30 lateral meniscus tears, 18 were missed on clinical examination, 1 of which was grade-1 tear (increased intrasubstance signal) which was not diagnosed clinically or arthroscopically with 4 false-positive cases. In MRI, 16 cases were missed with 8 false-positive cases.
Sensitivity, specificity, positive predictive value, negative predictive value and accuracy of clinical examination and MRI v/s arthroscopy for ACL tears are represented in Figure 3 , and for PCL tears are represented in Figure 4 .
Comparing the accuracy of clinical examination with MRI, it was found to be significant for ACL (P < 0.01), PCL (P < 0.01), medial meniscus (P < 0.01) and for lateral meniscus (P < 0.01). 
Discussion
Clinical examination is a time-tested, easy and rapid method, which does not require instrumentation and with a high specificity supplemented by a detailed history it becomes an effective screening tool for establishing an initial diagnosis. Magnetic resonance imaging has a high interobserver variation, lacks specificity and is associated with a lot of false positive results.
Also, the cost and availability of MRI scans makes them less practical for use especially in country like ours for diagnosis of multiligamentous knee injury alone. Arthroscopy as a gold standard for diagnosing multiligamentous injuries is a minimally invasive, highly specific modality and it allows direct visualization of the joint from within and subsequent therapeutic intervention.
For ACL tears, the sensitivity, specificity, positive predictive value, negative predictive value and accuracy of clinical examination were 94.7%, 71.4%, 90.0%, 83.3% and 88.5%, respectively with respect to arthroscopy. Sensitivity, accuracy and negative predictive value were similar to other studies, whereas we had a lower specificity as compared to other studies (4) (5) (6) (7) (8) .
Previous literature reports a sensitivity of 66% -100% (5, 6, 9-15), specificity of 67% -98% (6, 9-15), positive predictive value of 75% -81% (10), negative predictive value of 79% -100% (6, 10, 15)and accuracy of 78% -98% (7, 8, (10) (11) (12) (13) (14) (15) (16) (17) for the ACL tears in MRI against arthroscopy. Whereas we found them to be 94.7%, 78.6%, 92.3%, 84.6% and 90.4%, respectively, a picture similar to the other studies apart from the positive predictive value which was higher.
For PCL tears, whereas there is a lack of reported data comparing the sensitivity, specificity, positive predictive 4
value and negative predictive value of clinical examination with arthroscopy; a few studies report accuracy rates of 90% (14) and 100% (8), we found them to be 100% for all the variables. Sensitivity, specificity, positive predictive value, negative predictive value and accuracy of MRI for PCL tears were 80%, 97.9%, 80%, 97.9% and 96.2%, respectively with respect to arthroscopy. In other established studies sensitivity ranged from 80% -100% 10, 12, specificity ranged from 95% -100% 10, 12, positive predictive value is reported at 50% (10), negative predictive values reported 100% (10, 12) and accuracy ranged from 94% -99% (8, 10, 16) .
The results of the current study were quite comparable with those of the previous studies regarding cruciate ligaments injuries. Clinical examination as well as MRI was both equally sensitive in diagnosing ACL tears but MRI was more specific than clinical examination. In diagnosing PCL tears clinical examination had an upper hand with sensitivity 100% as compared to 80% for MRI similar to the study concluded by Esmailijah AA et al. (8) .
Specificity of clinical examination for ACL tears was less compared to MRI due to the more number of false-positive cases. Out of the 8 false-positive cases, 4 cases were in the age group of 45 -50 years. There might have been degenerative changes in the knee leading to false-positive results, as also advocated by Madhusudhan TR et al. (18) . In 4 cases of ACL tears we missed the clinical diagnosis, out of these 4 cases 2 cases were of partial tears and 2 cases were of chronic ACL tear. In cases with chronic ACL tear, we found arthroscopically anterior cruciate stumps fibrosis attachment with posterior cruciate ligament that might be giving pseudo firm end point on anterior drawer and Lachmann tests clinically. In the current study, 4 cases of ACL tears were missed on MRI. On MRI, partial tears of ACL may be missed due to the overlying synovial reactions, which have been also suggested by Stanitski CL (19) . For ACL and PCL tears, in mass screening and outpatient department basis, clinical examination by experienced hands may be a better or similar tool as compared to MRI (7, 14, 16, 20) .
In our study for medial meniscus tears, sensitivity, specificity, positive predictive value, negative predictive value and accuracy of clinical examination with respect to arthroscopy were 76.5%, 68.6%, 54.2%, 85.7% and 71.2%, respectively quite similar to the studies (21, 22) , whereas other studies report a sensitivity of 86% -96% (4, 21, 23) , specificity of 33% -87% (4, 21, 22) , accuracy of 73% -96% (4, 7, 8, 22, 23) whereas data for positive predictive value and negative predictive value are limited with 95% and 90%, respectively23. Sensitivity, specificity, positive predictive value, negative predictive value and accuracy of MRI with respect to arthroscopy were 88.2%, 62.8%, 53.6%, 91.7% and 71.2%, respectively similar to studies by (21, 24) . These values were near to 90% in the studies (12, 13, 22) . In other published studies, sensitivity ranged from 50% -100% 9,10,12,13,21-25, specificity ranged from 44% -100% (9, 10, 12, 13, (21) (22) (23) (24) (25) , positive predictive value ranged from 71%-90% (10, 15, 24, 25) , Negative predictive value ranged from 86% -100% (10, 23, 24) and accuracy ranged from 66% -98% (7, 8, 10, 12, 13, 16, 22, 23) .
For lateral meniscus tears, sensitivity, specificity, positive predictive value, negative predictive value and accuracy of clinical examination with respect to arthroscopy were 40%, 94.6%, 75.0%, 79.6% and 78.8%, respectively similar to the study (22) , whereas in previous published literature, sensitivity ranged from 38% -81% (4, 22) , specificity varied from 93% -96% (4, 22) , accuracy ranged from 76% -90% (4, 7, 8, 22) whereas data for positive predictive value and negative predictive value are lacking.
Unlike the findings of the study (13, 22) , in our study sensitivity, specificity, positive predictive value, negative predictive value and accuracy of MRI with respect to arthroscopy were 46.7%, 89.2%, 63.6%, 80.5% and 76.9%, respectively, which have been comparable to studies (12, 25) . In previous published literature, sensitivity ranged from 40% -96% (9, 10, 12, 13, 15, 22, 24, 25) , specificity varied from 73% -98% (9-15, 22, 24, 25) , positive predictive values ranged from 33% -81% (10, 24, 25) , negative predictive values ranged from 91% -93% (10, 25) and the accuracy ranged from 69% -97% (7, 8, 10, 12, 13, 16, 22) .
Clinical examination is a time-tested modality, which is specific and independent of involvement of other intraarticular structures. The Lachmann test is a more sensitive and specific clinical test for anterior cruciate ligament tear. Anterior and posterior drawer tests (26) have high specificity and sensitivity for the cruciate ligaments and can be performed in any patient.
The Lachmann test can be performed in acute scenario as well. The Mcmurray test (27) and Apley grindingdistraction tests (28) can only be performed after interval of 3 weeks and are contraindicated in acute scenarios. Joint line tenderness20 is a sensitive but a nonspecific clinical sign, it has a low specificity hence cannot be used as a guide to establish a diagnosis but can be a supportive tool. The results of clinical examination and accuracy are better in an experienced and trained hand.
Over-diagnosis of meniscal tears on MRI may also be attributed to meniscal degeneration and more common presentation. Although MRI shares a high sensitivity for meniscal tears, it is an expensive tool with high inter-observer variations and false-positive results even in asymptomatic and clinically normal patients. However, MRI may be helpful in cases where clinical examination fails to establish a diagnosis or in instances where the examination cannot be performed, in all instances MRI should serve as a supplementary tool to either clinical examination or arthroscopy in the diagnosis establishment.
One of the limitations of the current study was lack of inter and intra-observer reliability testing and small population of the study group, and large randomized controlled trial needed.
A detailed history with a carefully performed clinical examination is the first step towards patient management, which inexperienced hands may justify arthroscopy on clinical grounds alone. Depending on the clinical examination, the surgeon may decide the need for MRI examination.
